WHAT IS CLAIMED IS: 

1. A semiconductor device comprising: 
a semiconductor substrate having a surface; 

a gate insulating layer formed over the surface of the semiconductor substrate; 

and 

a gate electrode formed over the gate insulating layer; 

wherern the gate electrode includes a lower poly-SiGe layer having a columnar 

2. The device of claim 1, wherein a grain size of the upper poly-Si layer is larger 
than a grain size of the lower poly-SiGe layer. 

3 The device of claim 1, wherein a grain srze of the upper poly-Si layer in a 
directionhorizonta. to the surface of the semtconductor substrate rsatleast as great as a 
grain size of the upper poly-Si layer in a direction vertical to the surface of the 
semiconductor substrate. 

4. The device of claim 1. former comprising a seed layer interposed between the 
lower poly-SiGe layer and the gate insulating layer. 

5. The device of Cairn 1, further comprising at least one intermedrate layer 
interposed between the upper poly-Si layer and the lower poly-SiGe layer. 



„ ^edeviceofclaimS, wherein the atleast one in— e layer inelndesaSi 

' layer,. 

T Xhedev 1 ceo t c,a >m 5,whe r ein«,eat 1 east„ne i n t e im ed I a t ela y e r inel U desa 
SiGe layer. 

wherein the at least one intermediate layer includes a Si 
8. The device of claim 5 wnerein uic 

layer and a SiGe layer. 

9. A semiconductor device comprising: 
a semiconductor substrate having a surface; 



and 

a gate electrode formed over the gate insulating layer; 

supper poly-SilayerhavingaeolurnnarerystaUinestrneture. 

^.Thedevieeofe.aimS.whereintheintermediatelayerisapoly-Silayer. 

U.^doviee of elatin9, wherein the intermediate layer tsapoly-SiGe layer. 



12. The devrce of claim 9, wherein a grain size of the intermediate layer is larger 
than a grain size of the lower poly-SiGe layer. 

13. A method of manufacturing a semiconductor device, comprising: 
depositing a gate insulating layer over a surface of a semiconductor substrate; 
depositing a lower poly-SiGe layer having a columnar crystalline structure over 

the gate insulating layer; 

depositing an amorphous Si layer over the lower poly-SiGe layer; and 
crystallizing the amorphous Si layer to obtain an upper poly-Si layer having a 
random crystalline structure. 

14. The method of elaim 13, wherein the lower poly-SiGe layer is deposited by 
CVD at a temperature range of 400»C to 600-C. 

15. The method of claim 13, wherein the lower poly-SiGe layer is deposited by 
chemical vapor deposition of SiH 4 and GeH 4 at a temperature range of 400°C to 600»C. 

16. The method of clahn 13, wherein the lower poly-SiGe layer ,s deposited by 

, v „fqiH«andGeH4atatemperaturerangeof400°Cto600''C. 
chemical vapor deposrtion of Si 2 H s ana ueti 4 v 

17. The method of elaim 13, wherein the amorphous Si layer is deposited by 
CVD at a temperature range of 350°C to 580°C. 



define a gate electrode, 
gate electrode. 

anneal process. 

22 A method of n^anufacturing a senuconductor device, conning: 
aepo^gaga,,— layer ove, a s^ace of a se*— etc,— 
a^ga^po^Ge.av^avinga — — 

the gate insulating layer; 
lower poly-SiGe layer; § 

random crystalline structure. 



. 23. The method of claim 22, wherein the a, leas, one intermediate layer is 
another amorphous Si layer. 

24. The method of claim 22, wherein the at least one intermediate layer is an 
amorphous SiGe layer. 

25. The method of claim 24, wherein the amorphous SiGe layer is deposited by 
CVD at a temperature range of 350-C to 500-C. 

26. The meflmd of claim 24, wherein the amorphous SiGe layer is depositedby 
CVD of (SiH, or Si 2 H 6 ) and GeH 4 at a temperature range of 35CTC to SOTC 

27 Themethodofc,a,m22,whereinmeatleastoneintermediatelayerincludes 

lay erts another amorphous Silayer and me second intermediate layer is an amorphous 
"SiGe layer. 

28. The method of claim 22, wherein the amorphous Si layer is deposited by 
CVD at a temperature range of 350°C to 580°C. 

29. The method of claim 22, wherein the amorphous Si layer is deposued by 
CVD of SiH, or Si 2 H 6 at a temperature range of 350°C to 580°C. 



30. A method of manufacturing a semiconductor device, comprising: 
depositing a gate tnsulating layer over a surface of a semiconductor substrate; 
depositing a iower poly-SiGe layer having a columnar crystalline structure over 

the gate insulating layer; 

depositing an amorphous intermediate layer over me lower poly-SiGc layer; 
depositing an upper poly-Si layer over the amorphous intermediate layer; and 
crystallizing the amorphous intermediate layer to obtain a crystallized 

intermediate layer having a random orys te lline shuemre between the lower poly-SiGe 

layer and the upper poly-Si layer. 
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